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of antiprotonic helium (n;l) = (37,35) carried out at the Antiproton Decelerator
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a continuouswave(cw)pulse-am pli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1. Introduction
It was  rst discovered at KEK,in 1991 [1],and later m easured at the Low Energy
Antiproton Ring (LEAR) [2,3]and the Antiproton Decelerator (AD) at CERN [4],
that a sm allfraction ( 3% ) ofantiprotons (p),stopped in a helium target,survive
to form antiprotonic helium (pHe+ ):an exotic m etastable atom consisting ofa helium
nucleus,an electron and an antiproton (He+ + + e  + p)[5{7].Theantiprotonsoccupy
highly excited statesin which they are tem porarily protected from annihilation. They
undergo a cascade by which the p radiatively de-excitesto a lower-lying state,with a
lifetim e ofthe orderofm icroseconds. A hyperne structure (HFS) [3]arisesfrom the
coupling oftheelectron and theantiproton m agneticm om ents.Thispaperpresentsthe
initialresultsofa currentsystem aticstudy wherethem ethod ofm easuring theHFS of
pHe+ hasbeen im proved. The new resultsreduce the errorcom pared to the previous
m easurem entsand convergetowardscurrenttheories.
Previously, laser spectroscopy has been perform ed on the various levels of the
cascade [3,8{11]. Two typesofelectric dipole transitionshave been studied: favoured
( v = 0;(n;l)! (n   1;l  1))and unfavoured ( v = 2;(n;l) ! (n + 1;l  1))[3]
wheren,land v = n   l  1aretheprincipal,totalangularm om entum and vibrational
quantum num bers, respectively. The dipole m om ent of the unfavoured transitions
is an order of m agnitude sm aller than that of the favoured. The unfavoured ones
have a hyper ne splitting H F = 1.5 -1.8 GHz,while the favoured  H F  0.5 GHz.
Im provem ents to the laser system have reduced the laser linewidth from 800 M Hz to
100 M Hz but the resolution rem ains lim ited by Doppler broadening (300 -500 M Hz
at6 K).From am ong the candidate transitions,the (37;35) ! (38; 34)unfavoured
transition waschosen forstudy becausetheparentstateisrelatively highly populated,
containing som e0.3% oftheantiprotonsstopped in thetarget[12].
In 1996, at LEAR, a precise laser spectroscopy scan at 726.10 nm was m ade,
resolving, for the  rst tim e, the two hyper ne peaks of the (37;35) ! (38; 34)
transition [13]. However,to accurately determ ine the HF splitting it is necessary to
induceatransitionbetween theHFSsubstates.W hileitispossibletoinduceatransition
between (n;l) states with laser light,a m agnetic M 1 resonance is required to m ove
between theHFS substates.
In 2001, a laser-m icrowave-laser m easurem ent was perform ed, resolving the
hyper nestructureofthe(37,35)statetoaprecision of300kHz[14].Bycom paringthe
experim entally m easured transition frequency with three body QED calculations,the
antiproton spin m agneticm om entcan beextracted.Becausethisissm allcom pared to
theothercontributions,theprecision oftheHFS m easurem entdoesnotdirectly convert
to thesam eprecision in thespin m agneticm om ent.
A break down ofthis article is as follows: Section 2 describes the HFS and the
transitions that can be induced, Sections 3 and 4 detail the experim ental m ethod
and apparatusrespectively,in Section 5 the resultsare presented and discussed,while
Section 6 containsourconclusions.
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2. T he hyperne structure ofantiprotonic helium
The HFS of p4He+ arises from the interactions of the antiproton orbital angular
m om entum ~L, the electron spin ~Se and the antiproton spin ~Sp. It has been  rst
calculated by Korobov and Bakalov [15]who constructed an e ective Ham iltonian
H
e = E 1(~L ~Se)+ E 2(~L ~Sp)+ E 3(~Se ~Sp)
+ E 4f2L(L + 1)(~Se~Sp)  6[(~L ~Se)(~L ~Sp)]g: (1)
Due to the large orbital angular m om entum of the antiproton (L  35), the
dom inant HF splitting arises from the interaction oforbitalangular m om entum with
the electron spin ( rst term : p - e  spin-orbit splitting). The contributions ofthe
following three term s cause a superhyperne (SHF) splitting [3]ofeach levelofthe
HF doublet.Thecontactspin-spin (third term )and thetensorspin-spin (fourth term )
interactions act to alm ost canceleach other out,leaving the coupling ofthe orbital
angular m om entum and the antiproton spin (second term : p spin-orbit splitting) as
the dom inant contribution to the SHF splitting ( gure1). The resulting quadruplet
structure forpHe+ isshown in  gure2,where the HF splitting H F = 10  15 GHz is
two ordersofm agnitudelargerthan theSHF splitting (SH F = 150  300 M Hz)which
istoo sm allto beresolved by thecurrentapparatus.
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Figure 1:Individualcontributionsto the SHF splitting,where E 1(~L ~Se)isthe p -e
 
spin-orbitsplitting,E 2(~L ~Sp)isthep spin-orbitsplitting,E 3(~Sp~Se)isthep -e
  scalar
spin-spin splittingand E 4f~Sp;~Se  ~Lgisthep -e
  tensorspin-spin splitting.Thecircled
and straightarrowsrepresenttheelectron and antiproton spin directionsrespectively.
TheHF doubletisdescribed bythequantum num ber ~F = ~L + ~Se with com ponents
F+ = L +
1
2
and F  = L  
1
2
. The SHF quadrupletisdescribed by ~J = ~F + ~Sp
with com ponentsJ  + = F  +
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Figure2:Schem aticview ofthelevelsplittingofpHe+ fortheunfavoured electricdipole
transitions.Thestatedrawn on therightistheradiativedecaydom inated parent(n;L),
and theleftstateistheAugerdecay dom inated daughter(n0;L0).Thelasertransitions,
from theparentto daughterdoublets,areindicated by straightlinesand them icrowave
transitions,between the quadrupletsoftheparent,by wavy ones.Forthisexperim ent
(n;L)= (37,35)and (n0;L0)= (38,34).
3. Laser-m icrow ave-laser spectroscopy m ethod
A narrow-band laser pulse is tuned to the f+ transition between the radiative decay
dom inated parentstate(37,35)and theAugerdecay dom inated daughterstate(38,34)
shown in  gure2.The daughterstateisfast-decaying,with a lifetim e (11 ns)[16]two
ordersofm agnetudeshorterthan thatoftheparent.Therefore,when thelaseris red,
itproducesa sharp annihilation peak againsttheexponentially decaying background of
the tim e spectrum ( gure3). The ratio ofthe peak area to thisbackground (peak-to-
total)indicatesthe size ofthe population transferred from the parentto the daughter
state.
In addition to m easuring thepopulation,an asym m etry isproduced such thatthe
F + doublet is depopulated while the F   is una ected. The m icrowave pulse follows
which,ifon-resonance,resultsin a partialinversion oftheasym m etry and re llseither
theJ+ + orJ+   from theJ  + orJ    staterespectively.A second laserpulse,tuned to
thesam ef+ transition,depopulatesthedoubletagain,producing a second annihilation
peak in thetim espectrum ( gure3).
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The  rst laser-induced annihilation peak rem ains constant ( gure3), uctuating
only statistically orwith thevarying conditionsofthetarget,antiproton beam ,orlaser
pulse,and is therefore used to norm alise the second. The second annihilation peak
hasa m axim um asthem icrowaveisscanned through resonanceand correspondsto the
population transferred between thehyper nesubstates.



























Figure 3: Two laser stim ulated annihilation peaks against the exponentialdecaying
background ofthe otherstate populations. The peak-to-totalofeach iscalculated by
taking theratio ofthepeak area (I+ )to thetotalarea underthefullspectrum .
4. Experim entalapparatus
The experim ent was carried out at the AD at CERN, which delivered a pulse of
1  4  107 antiprotonswith a length of200 ns(FW HM )and kinetic energy 5.3 M eV
every  90 s.Thesetup isdescribed in detailin Sakaguchietal.[18].Atextraction the
antiprotonswere stopped in a gastargetata tem perature of6.1 K and a pressure of
250 m bar(num berdensity 3  1020 cm   3).During theexperim entthepro le ofthep
beam wasm onitored by a nondestructive beam pro le m onitor(BPM )[19]positioned
 20 cm upstream ofthetarget.
The charged pions, produced by the antiprotons annihilating in the helium
nucleus,weredetected by two Cherenkov counterscovering 1.5 steradiansaround the
target. The signalwas am pli ed and detected by  ne-m esh photom ultipliers (PM Ts)
(Ham am atsu PhotonicsR5505 GX-ASSY2).Theresulting analog delayed annihilation
tim espectrum (ADATS)wasrecorded in a digitaloscilloscope(DSO).Since97% ofthe
stopped antiprotonsannihilatewithin nanoseconds,thePM Tsweregated o duringthe
p pulsearrivalso thatonly the3% m etastabletailwasrecorded [20].
The pulse-am pli ed continuous wave (cw) laser system is a variation ofthe one
used in ASACUSA’srecenthigh precision laserspectroscopy m easurem ent[11]. A cw
laserbeam ofwave-length 726.1 nm issplitinto two seed beam s.Thelaserpulseswere
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produced by am plifying theseedsusing Bethunecellspum ped by pulsed Nd:Yag lasers,
the second delayed by tim e T afterthe  rst. The pum p beam swere stretched so that
thetwo pulselengthswereofthesam eorderastheAugerlifetim e.
Advantagesovertheprevioussystem include:(1)anarrow linewidth ( 100M Hz),
which allowed oneHF doublettobedepopulated withouta ectingtheother;(2)single-
m ode and high shot-to-shot frequency stability ( 50-100 M Hz) which reduced the
quantity ofstatisticsrequired foreach m easurem ent;(4)a long pulse length (18 nsfor
the  rst laser and 13 ns for the second laser) which increased the laser depopulation
e ciency;and(5)anarbitrarytim edi erencebetween laserpulses,which waspreviously
lim ited to 150 ns.Thisdeterm ined thelength ofthem icrowavepulseand thereforethe
 nalline width which is dependent on the Fourier transform ofthe m icrowave pulse.
The em itted energy  uence at the target was  30 m J/cm2 with a spot diam eter of
5 m m resulting in a m axim um depopulation e ciency of80% com pared to theprevious
m axim um of50% [21].
Figure 4 shows an exam ple of a laser scan taken with the recent laser setup
( gure4a) com pared with the old system ( gure4b). The im proved stability is
dem onstrated by the fact that each data point represents a single shot from the AD
( gure4a),whereas,previously,an average ofseveralscans was required because the
datapointswerem orewidely scattered ( gure4b).Theband width isnow sm allenough
so thateach peak can beindividually resolved:a laserpulsetuned to thef+ transition
no longerpartially depopulates the F   doublet. The dom inating e ect was expected
to be the Doppler broadening which has a Gaussian pro le with a 320 M Hz width.
However a Lorentzian pro le was observed with a 350 M Hz width. It was concluded
thateach peak wasprobably narrowed through Dicke narrowing because the collision
frequency wasofthesam eorderastheRabioscillations[22,23].
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Figure4:Laserresonancepro leofthe(n;l)= (37,35)to (38,34)transition m easured
at a tem perature of6.1 K,at He pressure of250 m bar and laser energy  uence of
30 m J/cm 2 in (a)2006  tted with a doubleVoigtpro leand (b)2001 [14] tted with a
doubleVoigtpro le.
The current m icrowave apparatus is sim ilar to that described in Sakaguchi et
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al.[18]. A short sum m ary is provided here. The m icrowave frequency was produced
by an Anritsu 37225B vector network analyser (VNA) referenced to a 10 M Hz GPS
(HP 58503B)satellitesignalwhich ensured a relativefrequency uncertainty of< 10  7.
Them icrowavesignalwasam pli ed by apulsed travelling wavetubeam pli er(TW TA)
(TM D PTC6358)and transported tothetargetby arectangularwaveguide.Thetarget
was contained within a liquid helium -cooled cryostat and the section of waveguide
that passed into the cryostat was constructed from stainless steelto reduce therm al
conductivity.
A cylindricalresonantm icrowave cavity created them icrowave  eld atthetarget.
To coverthe entire m icrowave range,the cavity,which had an unloaded quality factor
Q 0 of 2700,wasover-coupled to the waveguide so thatitsloaded quality factorQ L
was 100.A triple-stub-tuner(TST),a custom m adedevicewith threeperpendicular
lengthsofwaveguidesshorted byactuatorcontrolled,m oveable(0to25m m )chokes,was
inserted into the waveguide circuitoutside the cryostat. By changing choke positions,
the TST allowed the im pedance ofthe transm ission line to be m atched to the cavity
and the centralfrequency chosen. By thism ethod the cavity was tunable,across the
frequency range  f = f0=Q L  100 M Hz,where f0  12:91 GHz is the central
frequency ofthe cavity,while achieving ateach pointa resonance condition with a Q
valuecloseto Q 0.
An antennawasattached tothebackofthecavityin an under-coupled arrangem ent
soasnottodisruptthe eld.Itpicked up asignal(pickup)relativetothe eld insidethe
cavity and carried itthrough co-axial(SM A)cablesto an I/Q m ixer(M ITEQ IR0618L
C2Q) which displayed a DC signalproportionalto the in-phase (I) and quadrature
(Q) com ponent of the input signalto a DSO.From the I and Q signals, the tim e
evolution oftheam plitudeand phaseofthem agnetic eld in thecavity can beextracted
for diagnostic perposes. A second I/Q m ixer analysed a sam ple m icrowave signal
(sam ple),which wasa fraction ofthe m ain signalattenuated by 50 dB,and displayed
theinform ation on thesam eDSO.
Tim ing wascontrolled by a Stanford Research (DG535)signalgenerator,triggered
by a signalpulse from the AD.Such a device was used to pulse the TW TA,to gate
the PM Ts and  re each ofthe Nd:YAG pum p lasers. Although the entire m icrowave
pulse was20 slong the tim e forwhich the m icrowave signala ected the atom swas
determ ined by the duration T between the  rst and second laser pulse,which was of
theorderofseveralhundred nanosecondsstarting afterthem icrowavewasswitched on
and ending beforeitwasswitched o .
Prior to the beam tim e,a range ofm icrowave frequencies were determ ined with
variousTST positionsand recorded. In the  90 speriod between each p arrival,the
data acquisition system wascom putercontrolled to (1)m ove the TST to the nextset
ofpositionsand setthe VNA to the corresponding cw m icrowave frequency,(2)warm
up the TW TA ata rate of10 Hz for12 s,(3)waitfora triggerfrom the AD,(4) re
theam pli erand then thetwo lasers,(5)record data.
Im proved Study ofthe Antiprotonic Helium Hyperne Structure 8
5. R esults
To achieve the highest degree of precision it is necessary to m ake a high statistic
m easurem ent under optim um conditions. The line width is lim ited by the Fourier
transform ofthem icrowavepulsewhich isdeterm ined by thelaserdelay tim eT,where
the frequency di erence between the halfintensity points   = 0.799=T. Ideally,to
m akethelinewidth asnarrow aspossible,them axim um laserdelay should bechosen.
However,ifT isincreased inde nitely,long beforeallthem etastableatom sannihilate,
the asym m etry,induced by the  rstlaser,islostdue to relaxationscaused to inelastic
collisions and re lling from higher states. Once an asym m etry has been created,the
particlesbegin toreturn toequilibrium through spin exchanginginelasticcollisions.The
relaxation tim ec hasbeen calculated by Korenm an and Yudin to liebetween 160.5 ns
and 325 nsfora targetdensity of250 m barand a tem peratureof6 K [25].
To help determ inetheoptim um conditionsand to ensurethattheasym m etry was
notlostto collision induced relaxations,the m axim um achievable signal-to-noise ratio
wasm easured forarangeoflaserdelays(T =150ns,350ns,500ns,700nsand 1000ns).
Theresultsareshown in  gure5a wherethesignal-to-noiseratio isde ned astheratio
between theon resonanceand o resonancesignalam plitudes.Scansatthreedi erent
laserdelays(T =150 ns,350 ns,500 ns)werealso m easured,shown in  gure5b,where
thereduction in line width can beobserved with theincrease in T.In the T = 350 ns
and T = 500 nsm easurem entsthewidthsarejustlargerthan theFouriertransform of
the equivalenttim e delay. Thissm allbroadening isprobably due to elastic collisions,
calculated to bebetween 5.92 M Hzand 2.66 M Hz[25].
Laser Delay (ns)





























Figure5:(a)Theoptim um signal-to-noiseratio m easured foreach tim edelay T,where
thepointat350nshasareduced errorbecauseofhigherstatisticsthan theotherpoints.
(b)Thelinewidth asafunction ofT,wherethewidthsofm easured frequency scansare
shown ascirclesand thewidthscalculated from theFouriertransform ofthem icrowave
tim e window astriangles. Both setsofdata were m easured ata pressure of250 m bar
and a tem peratureof6.1 K.
Im proved Study ofthe Antiprotonic Helium Hyperne Structure 9
Them icrowavewasscanned acrossafrequency rangefrom 12.86GHzto12.94GHz
with a power of 4 W .This power was carefully chosen so as to induce a  pulse
(halfa Rabioscillation) thus m axim ising the population inversion [24]. M ore points
were m easured overthe two 15 M Hz regionsofeach peak. Lesspointswere m easured
outsidethisregion and wereonly used to con rm a  atbackground and determ ine the
background level.Each scan tookapproxim ately six hoursand consisted of 60points,
m ost ofwhich were repeated three tim es. One or two on-resonance m icrowave \o "
points,wherethem icrowavewas red atnegligiblepower,wereincluded in m ostofthe
scansto con rm theposition ofthebaseline.
A totalof12 scanswerem easured with laser uenceof30 m J/cm2 and T = 350ns
at target density of250 m bar and tem perature of6.1 K.One scan was m easured at
T = 500 nsatthesam e density and onescan wasm easured atT = 350 nsata target
density of150 m bar. To revealsystem atic errorsthe frequency pointswere m easured
consecutively and each p shot was m onitored so that it could be rem easured ifany
com ponent ofthe apparatus failed. In addition to recording the ADATS,the data
acquisition program logged otherexperim entalvariables,including the p beam pro le,
laserintensity and wavelength,m icrowave powerand frequency.
Them ajority ofsystem atic errorswerecaused by  uctuationsofthep beam from
the AD.The BPM showed a tim e dependentdriftaway from the centre ofthe target
which would change in direction and m agnitude from shotto shot. Thisresulted in a
change ofthe signal,which wasadjusted forby norm alisation with the  rstlaserand
rejecting points when the p beam position and intensity  uctuated too greatly. The
laser wavelength was m onitored during the m easurem ent and continually adjusted to
com pensateforany drift.Thelaserdyewaschanged regularly to ensurethepowerdid
notdim inish with tim e.
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Figure 6: M icrowave powervsfrequency m easured attwo points: (a)antenna pickup
poweraftersubtracting thefrequency dependentcoupling;(b)m icrowave poweratthe
sam pleport,adjusted forattenuation.(0 dBm = 1 m W ).
TheTW TA sam pleportpowerwasobserved tostatistically  uctuateby 10% but
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alsoincreased by an averageof1dB (8% )overthescanned region ( gure6b).Thesam e
behaviourwasobserved on thepickup powerattheantenna ( gure6a).Thechangein
poweroverthewidth ofeach peak wasthereforeconsidered tobesm all( 20W /GHz).
A sim ulation showed thatthe frequency dependence ofthe m icrowave powerchanged
the  tted centralfrequency ofthe transition signi cantly only ifthe slope exceeded
300 W /GHz.
Thelineshapeforatwolevelsystem underthee ectsofan externaloscillating eld
fortim eT wasexpected to follow (3).Theoptim um caseiswhen thesystem undergoes
a -pulse,jbjT = =2.Param eterX (!)istheprobability oftransferring an atom to
theotherHF stateand bisrelated to thehalf-width ofthedistribution:
X (!)=
j2bj2














To con rm thiswasthe correctshape,crosschecks ofotherfunctionswere perform ed.
As the power had been m easured to vary slightly between each resonant peak,two
independentfunctions,ratherthan twoidenticalones,wereused.A Voigtfunction with
a constant background was  rst used to determ ine the contributions from Gaussian,
which is a good approxim ation of (3), and Lorentzian functions. The Lorentzian
contribution wasdeterm ined tobethreeordersofm agnitudesm allerthan theGaussian.
Thebackground wasnotassum ed tobe atand wasdeterm ined by  ttingasloped
function.Thisshowed thatthebackground increased slightlytowardshigherfrequencies
butthe peak centres rem ained unchanged. The slope ofthisbackground corresponds
to the slope ofm icrowave powershown in  gure6b. However,asno Rabioscillations
should be induced o -resonance no e ect ofthe m icrowave power should be observed
outside the peaks and the observation is m ost likely to be statistical. The di erent
Table 1:Di erent tresultsforthe m icrowave scans,where the functionsshown have
been  tted as two independent functions with a constant background except \Slope"
where two independent functions oftype (3) were  tted with a slanted background.
Deg.F isthenum berofdegreesoffreedom ,Red.2 isthereduced 2 forthe ts,
H F












(G Hz)  H F (M Hz)
Voigt 389.0 88 4.4 12.896 628(20) 12.924 413(20) 27.784(28)
G auss 388.8 89 4.4 12.896 628(20) 12.924 412(20) 27.785(28)
Eq.(3) 349.4 89 3.9 12.896 622(20) 12.924 412(19) 27.789(28)
Slope 348.0 88 4.0 12.896 623(20) 12.924 412(20) 27.788(28)
 tting m ethodsallgave a sim ilarresult(see table1)butthetwo functionsoftype (3)
with aconstantbackground  tted with thebest2.Figure7showstheaveraged results
ofthe12 scansattargetdensity of250 m bar.The tshown isa function consisting of
two independentequationsoftype (3)with a constantbackground. Figure 8 showsa
closeup ofeach peak.Theresults,with a num ericalcom parison to thecurrenttheories
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and previousexperim ent,areshown in table2 and a graphicalrepresentation oftheHF





isdisplayed in  gure9 wheretheerrorhasbeen increased
by thesquarerootofthereduced 2.
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(n,l) = (37, 35)
Figure 7: M icrowave resonance pro le ofthe (37,35)m etastable state m easured ata




peaks are  tted with two independent equations oftype (3) and a constant
background.

























1.25 (n,l) = (37, 35) HF+
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1.25 (n,l) = (37, 35) HF-
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This experim ent initiates a system atic study ofthe HF splitting ofthe (37,35)state
ofpHe+ .Im provem entsto thelasersystem haveincreased thepeak-to-totalsignaland
reduced thelinewidthoftheHFSlinesto2.4M Hz.Highstatisticswithstableconditions
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Figure 9: Hyper ne splitting,com paring the recent result with the current theories
(BK [26],KB [15],YK [27],K [28])and ourpreviousexperim ent(2001).Theerrorbars
fortheory areobtained from Bakalov and W idm ann [29]
Table2:M icrowave hyper ne structure:experim entvs.theory,where
H F













exp  H F exp
(GHz) (ppm ) (GHz) (ppm ) (M Hz) (h)
Expt. 12.896 622(39) 3.0 12.924 412(39) 3.0 27.790(55) 1.9
Expt.2001 12.895 96(34) 27 12.924 67(29) 23 28.71(44) 15.3
 th  exp  th  exp  th  exp
(ppm ) (ppm ) (h)
BK [26] 12.895 97 -50 12.923 94 -36 27.97 6.4
KB [15] 12.896 346 2 -20 12.924 242 8 -12.6 27.896 6 3.8
YK [27] 12.898 977 183 12.926 884 191 27.907 4.2
K [28] 12.896 073 91 -42 12.923 963 79 -34 27.889 88 3.4
have reduced the experim entalerrorby factorof ve. Although the new experim ental
value ofthe HF splitting is now sm aller than its theoreticalvalue,a convergence is
observed.
Itispredicted thatthetransition frequenciesshould shiftby 80 kHzper250 m bar
[25].Thepreviousexperim ent,which had aresolution of300kHz,showed noevidenceof
adensity shift[30]but,given thepresentresolution,thisshiftshould beobservable.Due
to tim econstraints,only prelim inary m easurem entsat150 m barwererecorded and the
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statisticswereinsu cientto con rm orrefutetheexpected shift.However,asboth HF
linesshiftequally,theupperlim itofthedensity shiftin thesplitting  H F isexpected
to be 7 kHz [31]. This e ectistoo sm allto be observed given thatthe experim ental
errorisalm osta factorten greater. To verify the m agnitude ofthe predicted shift,a
density and powerdependentstudy isplanned for2008.
A com parison between the m easured transition frequencies and three body QED
calculations can be used to determ ine the antiproton spin m agnetic m om ent. The
experim entalprecision required to reach the sam e accuracy astheory,forthe (37,35)
state,is33 kHz[29],a factoroftwo betterthan ourcurrentresolution.A m easurem ent
to this degree ofaccuracy, ifit agreed with theory,would provide the m ost precise
determ ination oftheantiproton to proton spin m agneticm om entratio to date(0.1% ).
Otherstateso ereven higherim provem entfactors,which arepossibleto m easurewith
som eslightchangesto theexperim entalsetup,and areplanned forfutureyears.
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